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The newest dimension of the Digital Divide is access to broadband (high-speed) Internet 
service.  Using a comprehensive U.S. data set covering all forms of technology (chiefly 
DSL and cable modem), I look for evidence of redlining, where broadband carriers avoid 
areas with high concentrations of poor and minority households.  There is little evidence 
of redlining based on income or on black or Hispanic concentration.  There is mixed evi-
dence concerning redlining based on Native American or Asian concentration.  Other 
findings:  market size, education, Spanish language use, commuting distance, and Bell 
presence increase access probability; inner city or rural location decreases access prob-























The Supply Side of the Digital Divide: 
Is There Redlining in the Broadband Internet Access Market? 
James E. Prieger 
 
I.       Introduction 
           The Internet has transformed the way Americans work, play, and shop.  A second 
wave of Internet accessibility, the availability of “broadband” (high-speed) access, has 
the potential to be as revolutionary as the first wave.  Broadband access, usually through 
Digital Subscriber Line (DSL) or cable modem technology for residences and leased lines 
for businesses, allows users to send and receive enormous quantities of data, audio, 
video, and voice communication, and frees users from the constraints of the “World Wide 
Wait.”   
With every technological revolution comes the possibility that some will be left 
behind.  The so-called “Digital Divide”—the well-documented gap in computer and 
Internet usage between richer and poorer households, whites and certain minority groups, 
and urban and rural areas
1—has received much attention in the past few years, both in 
policy circles and the popular press.  The public-policy focus on the Digital Divide is 
shifting toward broadband Internet access.  For example, the proposed Internet Freedom 
and Broadband Deployment Act of 2001 mandates that Bell carriers deploy broadband 
capability in all their local exchanges within five years.
2  One unanswered question is 
whether groups lacking broadband access are deprived because broadband services are 
not available where they live.  Some observers have charged broadband carriers with red-
lining, the practice of avoiding areas with high concentrations of poor and minority 
households.
3  Since availability is a precondition for access, analysis of the Digital Divide 
must begin with the supply side. 
If there is a significant supply-side cause of the broadband Digital Divide, then 
policy prescriptions should focus on promoting broadband deployment.  The Telecom-
munications Act of 1996 charges the Federal Communications Commission (FCC) and 
the state public utility commissions to encourage the “reasonable and timely” deployment 
of broadband to all Americans.
4  The FCC has the authority to add broadband to the list 
of services supported under federal Universal Service programs if it deems necessary.  
On the supply side, the FCC could extend its existing high-cost support mechanisms for     
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carriers to broadband.  If, however, the broadband Digital Divide is due mainly to low 
income or other demand factors, then universal service would require extension of the 
FCC’s and states’ low-income support programs to broadband. 
This study explores whether redlining is present in the current diffusion of broad-
band.  For this limited purpose, a reduced form model is sufficient.  A structural model of 
entry (as, for example, in Berry [1992]) would require assumptions about demand, costs, 
or the nature of competition that may be incorrect.  Incorrect specification of the struc-
tural entry equations may result in incorrect estimates of the race, income, and language 
variables, which may lead to spurious conclusions regarding redlining.  The immediate 
question is whether the industry structure, whatever it may be, leads to redlining.  The 
reduced form approach, a probit model on the binary entry variable, models entry as a 
flexible function of regional demographic, economic, and competitive information.   
After controlling for varying cost conditions, demand factors, and competition in 
local telephony, does the racial composition and income of an area affect whether broad-
band is available?  The results contain some surprises.  Income and poverty levels in an 
area are not statistically significant predictors of broadband availability.  Among racial 
composition factors, only those for Native Americans and Asians have significant nega-
tive effects on broadband availability.  Those for blacks, ethnic Hispanics, and other non-
white races have no significant impact.  Even for Native Americans and Asians, a non-
parametric investigation shows inconsistent evidence for redlining; it appears to be pre-
sent at some concentration levels but not at others.  In the parametric specification, when 
interactions with language are taken into account, the evidence for redlining against 
Asians and Native Americans also disappears in some areas.  More important determi-
nants of broadband availability are demand characteristics such as age, education, com-
muting time to work, sex, and size of businesses in the area.  
A few studies have looked at demand for broadband services by individuals 
(Madden et al. 2000; NTIA 2000).  Fewer studies have looked at the supply side of the 
market, in large part due to the difficulty of gathering data on DSL and cable modem 
rollouts.  A new, nearly comprehensive broadband survey by the FCC enables study of 
the supply of broadband for the first time using data from the entire United States.  Ear-
lier efforts were limited to much smaller samples because the data needed to be gathered  
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by hand.  For example, Gabel and Kwan (2000) study broadband availability at 287 wire 
centers.
5  The present study, on the other hand, covers services offered through nearly all 
of the more than 22,000 wire centers.  Gillett and Lehr (1999) have a larger sample size 
(3,133) than Gabel and Kwan (2000), because they take the county to be the unit of ob-
servation.
6  Counties are relatively large for the purpose of determining broadband cover-
age, given, for example, that DSL is typically available only within 3.5 miles of a central 
office.  The present study takes the ZIP code to be the unit of observation, yielding a po-
tential 29,769 observations.
7  This larger sample size allows me to examine the impact on 
broadband access of many more demographic and economic variables than any previous 
study. 
II.  Broadband Technology  
Broadband access to the Internet comprises several steps.  Consider DSL first.  
Starting from the Internet backbone (the left side of Figure 1), data flows through various 
networks and providers (the “middle mile”) until it reaches the local exchange carrier’s 
(LEC’s) central office.  In the “last mile” of the network, data passes over a DSL connec-
tion residing physically on the existing POTS
8 line between the central office and the 
residential or business user’s computer (the top right of Figure 1).  LECs also have leased 
high-speed switched access lines such as T-1 lines to residences and businesses for some 
time (middle right of Figure 1), but their high prices (at least $450 per month) generally 
restrict them to high-volume business use.  In cable data networks, data flows from the 
Internet through the cable company’s headend (a cable service provider’s version of the 
LEC’s central office), and on to regional high-capacity data networks (the middle mile; 
bottom of Figure 1). In the last mile of a cable modem network, data travels through local 
fiber optic networks and finally over coaxial cable to the end-user (bottom right of Figure 
2).   Wireless and satellite carriers also offer broadband capability, although such firms 
typically focus on the business market and have small market share.  Thus, for residential 
subscribers, cable modem service and DSL are currently the broadband options of choice 
(see Figures 2 and 3), with cable modems enjoying a three to one advantage.  
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The FCC (2000a) has found that Internet backbone and the middle mile facilities 
are generally adequate to provide broadband access.  The last mile, the focus of this pa-
per, is currently the limiting factor on the supply side of the market. 
III.  Data 
The data for the study come from three major sources:  the FCC, Census, and a 
telecommunications wire center database.  A complete list of variables and summary sta-
tistics for the data are in Table 1. 
Broadband Availability Data and Summary 
The dependent variable, broadband availability from any source within a ZIP 
code, is taken from the FCC’s (2000b) broadband survey reflecting conditions on 30 June 
2000.  For purposes of the survey, broadband is defined as delivering transmissions to a 
subscriber at a speed in excess of 200 kbps in at least one direction.  Some ADSL and 
cable modem services do not meet this definition.  The population for the dependent vari-
able is all ZIP codes in the 48 mainland states plus Washington, D.C., excluding ZIPs 
that do not correspond to a geographic area (P.O. boxes and unique ZIPs).
9    
Every facilities-based telecommunications carrier (incumbent and competitive 
LECs, wireless carriers, cable companies, and others)
10 with more than 250 broadband 
lines in a given state is required to provide basic information about its operations in that 
state via the FCC survey.  Carriers not meeting this reporting threshold may submit in-
formation voluntarily, and some did so.  Note that this definition raises a selection issue:  
the smallest rural carriers may not show up in the survey even if they offer broadband, 
which in turn will mean that the ZIP codes from those areas may falsely be recorded as 
not having broadband access.  The selection bias is likely to be minor because few broad-
band providers would fall below the threshold.  For example, current market analysis in-
dicates that unless there are about 200 lines in a DSL service area (which is much smaller 
than a whole state), the investment will not pay off (Paradyne 2000, 5-6).  Nevertheless, 
the coefficients pertaining to rural areas, which may be served by small rural LECs with 
few customers, must be interpreted with this potential measurement error in mind.  
The publicly available data do not indicate the type of company offering the ser-
vice.  In particular, DSL service is not distinguishable from cable modem service.  The  
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dependent variable in the estimations, then, is binary: whether there is at least one broad-
band customer in a ZIP code. Broadband may not be available to all parts of the ZIP code 
area.
11  This is more of an issue in rural areas, where the ZIP codes cover larger areas.  
From Table 1, 70% of ZIP code areas have broadband access.
12  These ZIP codes 
include 95% of the population of the U.S.  Thus, even at this early stage of deployment, 
most areas of the country appear to be covered.  See Figure 4 for a map depicting broad-
band availability. 
Market Characteristics Data 
Many factors influence a firm’s decision to offer broadband services in a region.  
The market entry decision depends both on the expected demand in the area, costs, and 
entry by other firms.  Accordingly, the estimations include a host of regional demo-
graphic, economic, and competitive variables.  One advantage of having a large number 
of observations is the ability to explore the impact of many more variables than previous 
studies were able to examine.  In the estimations, carrier and state-level fixed effects ab-
sorb factors not captured by within-region characteristics. 
Demand Variables:  Absent subscriber-level data, factors influencing the demand for 
broadband are captured by demographic and economic statistics at the ZIP code area 
level.  The personal and household data are from the 1990 Census.
13  The business data 
are also from the Census Bureau.
14 
The first controls are for the size of the residential and business markets.  The 
number of households and firms in the region are expected to be positively correlated 
with broadband entry.  The type of firm may also matter; in other studies manufacturing, 
FIRE (finance, insurance, and real-estate), and service-oriented (e.g., management con-
sultants) firms have proven to be heavy users of telecommunications.  I include the per-
centage of firms of these types as controls.  Since large firms may have higher demand 
for broadband, I include two measures of firm size:  log average employment per firm 
and the percentage of firms with fewer than 50 employees. 
Households are categorized as inside an urbanized area, urban but outside an ur-
banized area (mostly smaller towns), rural non-farm, or rural farm.  Taking urban/outside 
urbanized area as the excluded variable, I include variables for the percentage of house- 
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holds of each of the other types, where the rural areas are split into those served by a Bell 
Operating Companies (BOC) or by a LEC other than a BOC.  Rural non-BOC carriers are 
often characterized as technological laggards (although their industry group refutes this 
assertion [NECA 1999]), so BOCs may act differently in rural areas than other carriers.  
Race and ethnicity variables include the percentages of black, native American 
(including Eskimo, Aleut, etc.), Asian, and other (white is the excluded category) persons 
in the area, and the percentages of persons claiming Hispanic ethnicity.  Closely related 
to race and ethnicity is language.  Non-English-speaking groups may have lower demand 
for broadband if they perceive the Internet to consist largely of English-language content.  
On the other hand, non-English speakers may value the opportunities that the Internet af-
fords to connect with similar speakers across the nation and world.  I include variables for 
percentages of Spanish-, Asian-, and other language-speaking households, and also the 
percentage of “linguistically isolated” households, in which no one speaks English as a 
first language nor “very well” as a second language. 
I include variables describing the age profile of an area:  the percentage of indi-
viduals in various age groups, relative to the excluded group of seniors (age 65 and 
above).  Similarly, education levels may affect willingness to pay.  Controls also include 
percentages of persons whose highest degree is a high school diploma, a four-year col-
lege degree, and a graduate degree.  There are two income variables in the study: median 
income and the percentage of households below the poverty threshold.    
Commuting time will be positively correlated with broadband demand, if tele-
commuting is more popular in areas where commutes are longer.  I include variables for 
the percentage of employed individuals who work at home and who have commutes of 
various lengths (0-15 minutes is the excluded category).  Other demographic controls in-
cluded are the percentage of females in the area, fraction of households with children un-
der 18 years, and fraction of households with a telephone. 
The price of broadband access in an area is not available.  Given that the focus 
here is on entry, and not demand after entry, the omission of a price variable is natural—
especially since prices are not observed if entry does not occur.
15  Instead, the demand 
variables described above provide the information that potential entrants use to determine 
their price, should they decide to enter.  Including these demand variables in the estima- 
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tions therefore proxies for the unobserved (and in some cases unobservable) post-entry 
price and expected profit. 
Costs:  Various studies and industry sources suggest that relevant cost considerations for 
broadband deployment are fixed costs, subscriber density, and the vintage of the tele-
communications infrastructure.  The fixed costs are from installing the necessary equip-
ment in the wire center to enable DSL
16 or in the headend to enable cable modem service.  
To the extent that average fixed costs vary among regions only through the number of 
subscribers (the denominator), and that subscription is a function of demographic vari-
ables, the inclusion of demographic variables will indirectly control for difference in av-
erage fixed costs.   
Costs are lower in areas where subscriber density is higher.  In denser areas the 
same investment at the wire center (for DSL) or the middle mile network (for cable mo-
dem service) reaches more potential subscribers.  Also, rates for connecting to the Inter-
net backbone tend to be lower in urban areas, due to competition among backbone access 
providers.  Finally, in areas with low subscriber density, the average DSL customer is 
farther from the central office and requires stronger (and therefore more expensive) car-
rier signals to be sent.  I include two density measures:  the number of occupied housing 
units with telephone access and population, both per square kilometer.  The former may 
be a better measure for DSL deployment costs, since DSL requires a phone line, and the 
latter may be better for cable modem deployment costs. 
The older the vintage of the local telecommunications and cable networks, the 
more likely frayed insulation or poorly spliced loops will degrade transmission quality.  
A bigger problem in older telecommunications networks is the presence of load coils 
(devices that were used to enhance the quality of voice traffic over copper lines) and 
bridged taps (any portion of the local loop that is not in the direct path between the cen-
tral office and the end user's terminating equipment.).
17  For DSL to function, these coils 
and taps must be removed on a line by line basis, which can be costly.  Lacking direct 
data, I proxy the age of installed networks with the median age of the housing structures 
in the area.   
A final cost variable is the cost of connecting to the nearest Internet backbone.  In 
rural areas without nearby access, connection costs may be higher than in urban areas.   
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Data on backbone access cost is not readily available, and so the rural and urban dummy 
variables will absorb systematic difference in these costs among regions.  A National 
Telecommunications and Information Administration and Rural Utilities Service (2000, 
9) study, however, downplays the importance of Internet backbone availability as an im-
portant difference between urban and rural areas, so perhaps these cost data are not cru-
cial. 
Local Telecommunications Competition 
While cable companies mostly still enjoy monopolies within their service areas, 
local telecommunications competition has started to spring up since the passage of the 
Telecommunications Act of 1996.  Anecdotal evidence from the industry suggests that 
incumbent LECs are more likely to offer advanced services in areas in which they face 
competition.  Some facilities-based competitors offer DSL themselves (and therefore ap-
pear in the dependent variable).   
The FCC makes available a list of ZIP codes in which there is local competition.  
In one specification I include a dummy for the presence of at least one competing local 
exchange company (CLEC) in the area.  That specification models jointly the availability 
of broadband and local telephony competition (see the appendix). 
Telecommunications Carriers’ Operating Areas 
Indicator variables for the presence of one of the four remaining BOCs as the in-
cumbent LEC in the ZIP code are included:  BellSouth, Qwest (fka U.S. West), SBC 
(Southwestern Bell Telephone, Pacific Bell, Nevada Bell, and Ameritech), Verizon (fka 
Bell Atlantic and NYNEX).  The excluded dummy is all non-BOC carriers.
18  
To construct the BOC variables, ZIP code areas must be matched to wire center 
areas.  These areas overlap irregularly; wire center boundaries tend to be larger than ZIP 
code areas.  I match the population-weighted geographic centroid of the ZIP code area to 
the closest wire center location.
19 
IV.  Estimation results 
Table 2 has the results of three probit estimations.  The first estimation includes 
neither state fixed effects nor the CLEC presence variable.  The second adds state fixed  
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effects, and the third adds the CLEC variable.  The coefficient, average marginal effect 
on the mean, and robust standard error are reported for each variable.  The fit appears to 
be quite good for cross-sectional data; the R
2 is about 0.45 and many of the estimated co-
efficients are statistically significant at the one percent level.  The results from the models 
are remarkably consistent; none of the statistically significant coefficients change sign 
among estimations.
20  
A likelihood ratio test convincingly rejects the estimation without state fixed ef-
fects, and I will therefore discuss the results of the second estimation (state fixed effects 
but no CLEC variable) here.  At the end of this section, I touch on the estimation with the 
CLEC presence included. 
The Evidence for Redlining 
The race, ethnicity, and language variables reveal interesting countervailing ef-
fects.  The non-white race and ethnicity variables are negative (with the exception of per-
centage black households) but the non-English language variables are positive. These re-
sults for language may bolster theories, current in other social sciences, that individuals 
use the Internet to seek out a community of interest (Elkins 1997).  Previous governmen-
tal studies have emphasized the race dimension of the Digital Divide (FCC 2000b; NTIA 
2000), but those studies examine race in isolation through simple cross-tabulations with-
out controls.  The present findings show that the positive language effects sometimes out-
weigh the negative race and ethnicity effects. For example, when both the Hispanic 
fraction and the primary language Spanish fraction (these variables have a correlation of 
0.92) rise by one percentage point, then the net effect on access probability is positive.  If 
some of these incremental households are also linguistically isolated (which is also quite 
possible; linguistic isolation and % Hispanic have a correlation of 0.75), the positive ef-
fect is even larger.   
Table 3 illustrates the net effects of the race and language variables, presenting 
the fraction of observations for which various groups of race-related variables lead to a 
decreased probability of access, ceteris paribus.  If racial redlining is present, then the net 
effects of these race-related variables will be negative.  For example, the first row sum-
marizes the net effects from the % Asian, % Asian language, and the % Asian/Asian lan- 
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guage and % Asian/linguistically isolated interactions, when calculated at sample values.  
In 95% of the observations, the net impact of these Asian-specific variables decreases 
access probability (compared to white, English-speaking households). When weighted by 
the Asian population in the area (the next column), the figure drops to about 74%.  The 
figure drops further to about 54% if statistical significance is required of the evidence.  
Thus, redlining appears to be affecting 54% of the Asian population. Native Americans 
are the other racial group that suffers nearly universal lower probability of access than 
white, English-speaking households.  The evidence for redlining is statistically strong in 
areas in which 89% of Native Americans live.  Thus, for these two groups, the appear-
ance of redlining warrants further investigation.  However, the evidence for redlining is 
weak for any other group.  The black, Hispanic, and other-race net effects are signifi-
cantly negative in virtually no areas.  The net effect from all race and language variables 
combined (the last row in the table) is significantly negative in areas where only 13.5% of 
non-whites live. 
Here I further explore redlining against Asians and Native Americans, the groups 
for which the redlining evidence is strongest.  The specification above constrains the co-
efficients on the racial variables to be constant, which may not be the case.  To explore 
this possibility, I estimate a model in which % Asian and % Native American enter the 
broadband equation nonparametrically (all other variables are constrained to linear 
form).
21  The resulting partial fits are shown in Figure 5.  In these graphs, when the fitted 
curve slopes down, the marginal effect of the variable is negative.  For comparison, if the 
variable is constrained to enter the model in linear form, the graph would show a line 
with slope equal to the estimated coefficient.  If there were consistent redlining against 
these groups, the fitted curves would be negatively sloped everywhere.  However, the ef-
fects of these variables are clearly non-monotonic.  In only 50% of the areas does % 
Asian have a negative effect.  When weighted by Asian population, this figure is 72%.  
For % Native American, the effect is negative in only 12% of areas (44% when weighted 
by Native American population), although that subset includes the areas with the highest 
concentrations (mainly reservations).
22  So even without taking into account the counter-
vailing effects of language,
23 the evidence indicates that redlining against Asians and Na-
tive Americans is not uniform across areas.  In fact, in 50% of the areas, having margin- 
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ally more Asians increases the probability of broadband access; the same is true for Na-
tive Americans in 88% of the areas in the data set.  
There is no significant evidence for redlining based on income.  The income vari-
ables have the expected signs—access is more likely the higher is median income and 
less likely the more households are in poverty—but neither is significant.
24   
Effects Of Other Market Characteristics 
The market size variables (households and firms) are both positive and signifi-
cant.  The marginal effect of 0.034 for log number of households means that if the num-
ber of households nearly tripled, there would be about a three and a half percentage point 
increase in the probability of broadband access.
25  The marginal effect of the size of the 
business market, number of firms, is about twice as strong.   
The geographic variables are all negative (compared to “urban but outside urban-
ized area”).  That rural and inner city areas lag in access has been found in other studies 
(FCC 2000b); this estimation shows that this result persists even after controlling for 
demographics.  The areas least likely to have access are rural non-farm areas served by a 
LEC other than a BOC. An extra percentage point increase in rural non-farm households 
in a non-BOC area decreases the probability of access by 0.12 percentage points.  Access 
probabilities are statistically indistinguishable between rural areas served by BOCs and 
other LECs—evidence that small rural carriers are not lagging behind the BOCs, control-
ling for other factors. 
Of the significant age coefficients, each age group’s effect is positive compared to 
the excluded senior group. Similarly, the education variables are all positive, compared to 
the excluded group lacking a high school degree or equivalent.  The commuting distance 
coefficients have the expected signs for the most part.  A larger fraction of workers at 
home increases access likelihood.  For commuters, the longer the commute, the higher 
the access probability (with the exception of the longest commuters, one hour plus).   
The fraction of households with a telephone has a nonmonotonic effect on access.  
Since DSL requires a phone line to function (and it is unlikely a household would sub-
scribe to cable but not even have a phone), it is not surprising that in the region where 
most of the observations lie, (0.925-1.0), the coefficient is positive.  In the lower tail of  
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the distribution, however, there is a negative relationship.  Of the business variables, only 
the fraction of small firms—a negative effect—is significant. 
Exploratory analysis revealed that the cost variables have nonmonotonic relation-
ships to broadband access.  In the estimations in Table 2, I used spline functions for the 
cost variables.  The ordinates of the knots were chosen based on visual inspection of non-
parametric partial fits; the knots are close to the first and third quartiles in each case.  
Phone density has the expected positive sign in the region in which most of the data ap-
pear (>0.4).  The outlying low-density range has an anomalous negative slope.  This non-
monotonicity may be why Gabel and Kwan’s (2000) line density effect—constrained to a 
single coefficient—is much smaller than my estimate for the upper two ranges.  None of 
the population density coefficients are significant, probably because the set of urban and 
rural dummy variables are closely related.  The age of housing structures, as a proxy for 
network infrastructure vintage, has the expected negative sign in the ranges up to 17.5 
years and greater than 35 years, but not in the middle range.   
Telecommunications Carriers’ Operating Areas 
All BOC indicators are significant and positive.  The Bell companies appear to be 
rolling out broadband faster than other LECs, even after controlling for difference in de-
mand characteristics among regions.  An alternative explanation
26 (since we cannot be 
sure that it is the BOC offering the service in an area) is that other broadband carriers 
(cable modem, wireless, etc.) are entering the BOCs territory to establish market presence 
in anticipation of future competition with the BOC for broadband customers.  With the 
publicly available data, these hypotheses cannot be distinguished. 
Local Telecommunications Competition 
The third estimation in Table 2 contains the CLEC presence variable.  Since 
CLEC presence is endogenous, I estimate the CLEC and broadband entry decisions 
jointly in a bivariate probit model in which CLEC presence appears as an explanatory 
variable in the broadband equation and as a dependent variable in a second equation.  
Further details are in the Appendix.  The table contains the coefficients from the broad-
band equation only.  The estimated effect of competition in local telephony is relatively 
large but statistically insignificant.  The marginal effect is 0.165, implying that when  
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there is local competition the probability of broadband access rises by 16.5 percentage 
points.   
V.  Implications 
This study contributes a better understanding of where broadband Internet access 
is available.  With 95% of the population living in ZIP codes with access, it appears that 
the market is well on its way to near-complete coverage on the supply side.  Characteriz-
ing the remaining areas lacking access, via the probit estimations, shows no evidence of 
redlining based on income.  Redlining based on race may be present for Asians and Na-
tive Americans; the case to be made for the redlining of any other racial or ethnic group 
is very weak.  Even for Asians and Native Americans, the evidence for redlining is in-
consistent across the range of concentrations of these groups in an area.  In particular, for 
both groups the nonparametric analysis showed that there were many ranges of concen-
tration that exhibited positive marginal effects on broadband availability—the opposite of 
redlining.  Race-focused rhetoric about the broadband Digital Divide may be unwar-
ranted. 
More important determinants of broadband availability are rural location and de-
mand characteristics such as age, education, commuting time, sex, and size of businesses 
in the area.  Therefore, universal service policies (if deemed necessary at all) should fo-
cus less on the supply side (with the possible exception of rural areas) and more on the 
demand side, perhaps through targeted subsidies to lower-income individual subscribers 
and small businesses. 
The study raises important questions for future research.  In the few areas where 
redlining does appear to be present, why?  Is race proxying for unobserved demand char-
acteristics that firms factor into their entry decisions, or are they discriminating without 
economic cause?  Apart from the observables included in the estimations, are areas with-
out access fundamentally different than areas with access?  Case studies of selected areas 
may shed light on the answers to these puzzles. 
Further study of broadband diffusion will be aided by the FCC’s ongoing data 
collection.  The FCC broadband survey is given every six months, which will allow panel 
data methods to be used in future explorations.  Given that income and racial composition  
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vary much more over the cross-section than over time, however, panel data may not add 



























                                                 
1 See Cooper (2000) and National Telecommunications and Information Administration (2000). 
2 Amendment proposed by Tom Sawyer (D-OH) to H.R. 1542 (Congressional Record, 13 June 
2001, E1096-E1097).  The amendment was accepted and the bill is in committee as of September 
2001. 
3 “The problem is not that the disconnected do not participate in physical space, it is that they 
cannot participate in cyberspace.”  (Cooper, 2000).   See also Olson (1999), Trujillo (1999), and 
NASTD (2000). 
4 See sec. 706 of the 1996 Telecommunications Act, Pub. L. 104-104, Title VII, Feb. 9, 1996, 110 
Stat. 153. 
5 I will use the terms “wire center” and “central office” interchangeably.  They are buildings con-
taining computerized network switching equipment, and are the primary points at which LECs 
connect subscribers to the public switched telephone network.   
6 Gillet and Lehr (1999) consider cable modem access and report cross-tabulated results only. 
7 A final study that deserves note was undertaken by National Telecommunications and Informa-
tion Administration and the Rural Utilities Service (2000).  The NTIA-RUS study focuses on 
broadband deployment in rural areas using data at the city level.  Their data collection effort 
(which preceded the release of the FCC survey data) was informal. 
8 Plain Old Telephone Service, an industry acronym for standard residential telephone service. 
9 Unique ZIP codes are those for a single large firm’s or governmental organization’s site. 
10 The FCC considers a carrier to be “facilities based” if it provides broadband access over its 
own local loop, or over unbundled network elements (UNEs) or  leased lines that it obtains from 
other carriers and equips as broadband (FCC,  Instructions for Form 477, 2001 
<http://www.fcc.gov/Forms/Form477/477instr.doc>).  Thus “facilities based” excludes only those 
carriers engaged in pure resale.   
11 However, once the local cable network or central office has been upgraded to offer broadband, 
the service is available to most subscribers in the service area (FCC 2000a, at 81). 
12 The publicly available data from the FCC survey lists only those ZIP codes in which broadband 
is available.  I matched this list to the population of ZIP codes, and all codes in the population but 
not in the FCC data were coded as “broadband not available.” 
13 Bureau of the Census, Census of Population and Housing, 1990:  Summary Tape File 3 CD-
ROM. 
14 Bureau of the Census, ZIP Code Business Patterns CD-ROM, 1997 data.  This series excludes 
governmental establishments. 
15 Even if prices were fully observed, price may not be an important differentiator among areas.  
As of November 2001, each of the BOCs offer DSL service for the same price everywhere in 
their service regions.  Furthermore, all of the companies except Qwest charge $50/month for ba-
sic DSL.  Of course, differences in the cost of living among regions would introduce variation in 
real prices even when nominal prices are uniform.  Cable modem prices may show more regional 
variation (Hausman, Sidak, and Singer [2001]).  
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16 Chiefly, a DSLAM (DSL Access Multiplexer), a mechanism at the wire center that links many 
end-user’s DSL connections to a single high-speed ATM line.   The DSLAM involves both fixed 
and variable costs. 
17  Best-practice local loop design for the last 20 to 30 years has not included excessive bridge 
taps and load coils.  Public Utilities Commission of Nevada, Order in Docket Nos. 99-12033 and 
00-4001, November 9, 2000, at 46, and FCC (2000a) at 39.  
18 Given the rapid changes in the BOCs’ coverage areas due to mergers, the variables reflect only 
the traditional BOC service areas (for example, Southern New England Telephone’s area is not 
included with SBC, nor is GTE’s with Verizon).  
19 The ZIP code centroids are from OSEDA 
(<http://www.oseda.missouri.edu/jgb/ZIP.resources.html>).  The wire center l ocations are from 
Stuff Software’s May 2001 C.O. Finder! database. 
20 Similarly, none of the statistically significant coefficients change sign if a logit specification is 
used instead of probit. 
21 All the variables in Table 2 (except interaction terms and CLEC presence) and state fixed ef-
fects are included in the model (estimated with the gam command in S-Plus).  Those depicted in 
Figure 5 are fit with cubic B-splines (the s smoother in S-Plus). 
22 It is not surprising that Indian reservations lag in broadband access:  they lag in basic telephone 
penetration as well.  Only 47% of households on reservations have telephone service.  The FCC 
currently has initiatives in place to extend universal service to reservations (FCC,  Consumer 
Facts:  Increasing Telephone Service in Indian Country, 3 August 
2001 <http://www.fcc.gov/cib/consumerfacts/tribalfactsheet.html>). 
23 The generalized additive model used in these estimation does not allow inclusion of interaction 
effects.  
24 Inclusion of the population density and urban/rural variables may obscure the effects of in-
come, if low-density, rural areas have lower incomes.  However, even when these variables are 
removed, the income and poverty variables remain insignificant. 
25 The marginal effect of a variable that is in logs corresponds to the effect of multiplying the 
variable in levels by 2.718.   













This appendix contains details on the third estimation presented in Table 2.  The 
model is a bivariate probit with dependent variables broadband presence and CLEC pres-
ence in the ZIP code, and correlation parameter r.   The CLEC presence variable also ap-
pears as a right hand side variable in the broadband equation.  This is Maddala’s (1983, 
p.122) Model 6, which requires that the CLEC presence equation contain at least one 
variable that is not in the broadband equation for identification when  0 r„ . I estimated 
the model by MLE.   
The instrument in the CLEC equation is the proxy cost for local telecommunica-
tions service in the local exchange area, as calculated by a run of the FCC’s Hybrid Cost 
Proxy Model (HCPM) in January 2000.  The HCPM is an economic engineering model 
that calculates the cost of providing local telecommunications service using efficient 
technology, given an area’s geographic terrain and subscriber density.  Proxy costs are 
not available from the model for about one-third of the wire centers (mostly for smaller 
carriers); in these cases I used the proxy cost of the nearest wire center f or which cost 
was available.  Wire center boundaries were matched to ZIP code areas as described in 
the text for the BOC indicator variables.  Proxy costs should be highly correlated with 
competitors’ entry decisions, and i ndeed are significant in the CLEC equation.  The 
proxy cost coefficient is insignificant if the variable is added to a univariate estimation of 
the broadband equation when CLEC presence is already included, which lends credibility 
to excluding proxy costs from the broadband equation. 
Only the coefficients from the broadband equation are reported in Table 2.  The variables 
included in the CLEC equation are state fixed effects, proxy cost, BOC indicators, and 
the market size, geographic composition, and income variables.  The estimate of r is 0.13 
(0.07), which has a p-value of 0.06.  The p-value of the likelihood ratio test for r = 0 is 

















Dependent Variable        % language asian  0.005  0.013 
Broadband access (1=yes)  0.708  0.454    % other language  0.045  0.058 
Independent Variables        % language Spanish  0.037  0.072 
% age <13 yrs  0.205  0.052    % linguistically isolated  0.016  0.042 
% age 14-18 yrs  0.071  0.025    % manufacturing firms  0.004  0.064 
% age 19-24 yrs  0.074  0.044    % native american  0.011  0.055 
% age 25-29 yrs  0.074  0.031    % other race  0.018  0.057 
% age 30-34 yrs  0.083  0.027    % phone in household  0.929  0.076 
% age 35-39 yrs  0.078  0.027    % rural (farm), BOC telco  0.014  0.048 
% age 40-49 yrs  0.127  0.037    % rural (farm), non-BOC telco  0.055  0.109 
% age 50-64 yrs  0.143  0.047    % rural (non-farm), BOC telco  0.224  0.373 
% asian  0.010  0.029    % rural (non-farm), non-BOC telco  0.375  0.426 
% below poverty line  0.146  0.100    % services firms  0.043  0.204 
% black  0.072  0.159    % small firms (<50 employees)  0.988  0.106 
% college degree  0.102  0.076    % work at home  0.056  0.072 
% commute 15-29 minutes  0.323  0.124    average employment per firm  2.078  0.785 
% commute 30-44 minutes  0.172  0.095    BellSouth  0.096  0.295 
% commute 45-59 minutes  0.064  0.057    households (log)  7.056  1.582 
% commute 60+ minutes  0.060  0.059    median income (log)  0.147  0.381 
% female  0.505  0.038    number of firms (log)  4.100  1.862 
% FIRE firms  0.000  0.030    phone density (log)  2.449  2.335 
% graduate degree  0.052  0.055    population density (log)  3.529  2.303 
% high school degree  0.590  0.127    Qwest (U.S. West)  0.068  0.252 
% hispanic  0.044  0.114    SBC-PacBell-Ameritech  0.164  0.370 
% inside urbanized area  0.247  0.415    structure age  28.372  12.268 




Table 2:  Probit Estimations for the Availability of Broadband Service Within a ZIP Code Area 
  Probit  
(no state fixed effects)   
Probit  
(with state fixed effects) 
  Bivariate Probit (state fixed 





















Race and ethnic composition                       
% black  0.088  0.017  0.095    0.158  0.029  0.113    0.101  0.017  0.114 
% Native American  -0.763  -0.149  0.286***    -0.703  -0.131  0.302***    -0.697  -0.116  0.303** 
% Asian  -1.442  -0.282  1.781    -4.167  -0.775  1.891***    -3.691  -0.613  1.926* 
% other race  -1.062  -0.207  0.596*    -0.749  -0.139  0.594    -0.764  -0.127  0.605 
% Hispanic  -0.226  -0.044  0.453    -0.835  -0.155  0.484*    -0.863  -0.143  0.490* 
Linguistic composition                       
% language Spanish  1.478  0.289  0.425***    1.201  0.223  0.452***    1.241  0.206  0.461*** 
% language Asian  0.379  0.074  1.824    0.567  0.105  1.857    0.557  0.092  1.913 
% other language  0.225  0.044  0.235    0.010  0.002  0.250    0.024  0.004  0.252 
% linguistically isolated  0.324  0.063  0.693    0.575  0.107  0.717    0.450  0.075  0.771 
Race and language interactions                       
Native American:other language  0.840  0.164  0.822  -0.011  -0.002  0.812  0.015  0.002  0.812 
Native American:ling. isolated  2.115  0.413  1.708  1.677  0.312  1.732  1.766  0.293  1.726 
Asian:language asian  79.213  15.469  28.79***  73.194  13.613  27.30***  72.721  12.080  27.97*** 
Asian:other language  -50.470  -9.856  16.98***  -24.648  -4.584  17.057  -23.288  -3.868  17.200 
Asian:ling. isolated  6.748  1.318  15.072  6.983  1.299  13.803  7.010  1.164  14.090 
Hispanic:language spanish  -0.682  -0.133  0.760  -0.388  -0.072  0.796  -0.359  -0.060  0.804 
Hispanic:other language  4.427  0.865  4.405  4.378  0.814  4.984  4.135  0.687  5.147 
Hispanic:ling. isolated  -1.499  -0.293  1.355  -0.796  -0.148  1.520  -0.667  -0.111  1.546 
Other race:other language  4.552  0.889  8.398  2.835  0.527  8.779  3.229  0.536  9.155 
Other race:ling. isolated  5.411  1.057  2.365**  4.134  0.769  2.470*  4.016  0.667  2.492 
Black:other language  -4.887  -0.954  1.715**  -3.451  -0.642  1.855*  -3.293  -0.547  1.849* 
Black:ling. isolated  11.941  2.332  4.534***  9.270  1.724  4.872*  9.736  1.617  5.026* 
Income and poverty                       
median income (log)  0.006  0.001  0.076    0.042  0.008  0.077    0.072  0.015  0.078 
% below poverty line  -0.385  -0.075  0.225*    -0.349  -0.065  0.234    -0.315  -0.048  0.237 
Size of market                       
households (log)  0.156  0.031  0.018***    0.183  0.034  0.019***    0.177  0.031  0.019*** 
number of firms (log)  0.395  0.077  0.016***    0.387  0.072  0.017***    0.382  0.066  0.019*** 
Continued on next page                        
 
20
Continued from previous page  Probit  
(no state fixed effects)   
Probit  
(with state fixed effects) 
  Bivariate Probit (state fixed 





















Geographic composition                       
% inside urbanized area  -0.321  -0.063  0.104***    -0.388  -0.072  0.106***    -0.407  -0.062  0.108*** 
% rural (non-farm), BOC telco  -0.381  -0.074  0.094***    -0.558  -0.104  0.095***    -0.561  -0.095  0.096*** 
% rural (non-farm), non-BOC telco  -0.580  -0.113  0.083***    -0.633  -0.118  0.085***    -0.626  -0.106  0.087*** 
% rural (farm), BOC telco  -0.730  -0.143  0.246***    -0.519  -0.097  0.262**    -0.726  -0.128  0.265** 
% rural (farm), non-BOC telco  -0.105  -0.021  0.158    -0.127  -0.024  0.168    -0.171  -0.030  0.170 
Age profile of population                       
% age <13 yrs  1.515  0.296  0.405***    0.780  0.145  0.433*    0.606  0.101  0.438 
% age 14-18 yrs  0.348  0.068  0.522    0.021  0.004  0.559    -0.134  -0.022  0.570 
% age 19-24 yrs  1.048  0.205  0.390***    1.293  0.241  0.415    1.128  0.187  0.418*** 
% age 25-29 yrs  -0.528  -0.103  0.438    -0.313  -0.058  0.443    -0.366  -0.061  0.455 
% age 30-34 yrs  0.714  0.139  0.455    0.756  0.141  0.465    0.701  0.116  0.465 
% age 35-39 yrs  1.638  0.320  0.484***    1.189  0.221  0.506***    0.998  0.166  0.511** 
% age 40-49 yrs  1.389  0.271  0.367***    1.127  0.210  0.379***    0.991  0.165  0.382*** 
% age 50-64 yrs  0.845  0.165  0.327***    0.758  0.141  0.346***    0.684  0.114  0.349** 
Education profile of population                       
% high school degree  0.685  0.134  0.108***    0.469  0.087  0.128***    0.427  0.071  0.129*** 
% college degree  1.367  0.267  0.249***    1.119  0.208  0.263***    1.030  0.171  0.267*** 
% graduate degree  -0.084  -0.016  0.398    0.503  0.093  0.382    0.536  0.089  0.380 
Commuting profile                       
% work at home  0.457  0.089  0.178***    0.570  0.106  0.117***    0.108  0.018  0.194 
% commute 15-29 minutes  0.315  0.062  0.111***    0.688  0.128  0.132***    0.514  0.085  0.118*** 
% commute 30-44 minutes  0.400  0.078  0.127***    1.097  0.204  0.207***    0.639  0.106  0.133*** 
% commute 45-59 minutes  0.871  0.170  0.197***    0.589  0.110  0.213***    1.026  0.170  0.207*** 
% commute 60+ minutes  0.308  0.060  0.200    0.586  0.176  0.205***    0.606  0.101  0.213*** 
Other demographics                       
% female  -1.722  -0.336  0.305***    -1.326  -0.247  0.314***    -1.334  -0.222  0.316*** 
% kids in household  -0.240  -0.047  0.219    0.015  0.003  0.231    0.075  0.012  0.235 
% phone in household (< .925)  0.121  0.024  0.269    -0.260  -0.048  0.279    -0.239  -0.040  0.281 
% phone in household (>.925)  0.834  0.163  0.537    0.332  0.062  0.581    0.075  0.012  0.583 
Composition of business market                       
% manufacturing firms  -0.078  -0.015  0.119    -0.093  -0.017  0.124    -0.041  -0.007  0.125 
% FIRE firms  0.126  0.025  0.167    0.192  0.036  0.168    0.190  0.032  0.168 
% services firms  0.132  0.026  0.083    0.138  0.026  0.087    0.148  0.025  0.087* 
% small firms (<50 employees)  -0.758  -0.148  0.096***    -0.789  -0.147  0.100***    -0.750  -0.125  0.100*** 
average employment per firm  0.015  0.003  0.016    0.032  0.006  0.017*    0.022  0.004  0.017  
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Continued from previous page  Probit  
(no state fixed effects)   
Probit  
(with state fixed effects) 
  Bivariate Probit (state fixed 





















Cost variables (linear splines)                       
phone density (log, < 0.4)  -0.229  -0.045  0.114**    -0.208  -0.039  0.109**    -0.190  -0.032  0.110* 
phone density (log, 0.4-4.25)  0.158  0.031  0.103    0.150  0.028  0.108    0.160  0.058  0.109 
phone density (log, > 4.25 )  0.031  0.006  0.141    0.114  0.021  0.142    0.095  -0.011  0.141 
population density (log, < 1.5)  0.050  0.010  0.114    0.095  0.018  0.110    0.089  0.015  0.110 
population density (log, 1.5-4.8)  -0.024  -0.005  0.105    -0.011  -0.002  0.111    -0.033  -0.020  0.112 
population density (log, > 4.8 )  -0.137  -0.027  0.126    -0.199  -0.037  0.127    -0.171  -0.023  0.127 
structure age (< 17.5 years)  -0.013  -0.002  0.007*    -0.011  -0.002  0.008    -0.010  -0.002  0.008 
structure age (17.5-35 years)  0.005  0.023  0.002**    0.005  0.001  0.002*    0.004  0.002  0.003 
structure age (> 35 years)  0.001  0.022  0.002    -0.004  -0.001  0.002    -0.003  -0.001  0.003 
Bell Operating Companies                       
BellSouth  0.102  0.036  0.086    0.298  0.100  0.092***    0.301  0.106  0.093*** 
Qwest (U.S. West)  1.435  0.490  0.118***    1.221  0.412  0.125***    1.193  0.408  0.127*** 
SBC-PacBell-Ameritech  0.113  0.039  0.077    0.285  0.094  0.081***    0.271  0.099  0.082*** 
Verizon (Bell Atlantic-NYNEX)  1.824  0.568  0.120***    2.086  0.600  0.119***    2.081  0.602  0.119*** 
Local Telecom Competition                       
CLEC Presence                  0.164  0.165  0.118 
Intercept  -1.927    0.803***    -2.380    0.828***    -2.555    0.833*** 
                       
State-level fixed effects    no        yes        yes   
Number of observations    27,623        27,623        27,392   
Log likelihood    -9535.5        -9135.2        -18161.1   
Kullback-Leibler R
2    0.427        0.453        0.487   
* significant at the 10% level;   ** significant at the 5% level;   *** significant at the 1% level. 
 
Notes:  Dependent variable is 1 if there is at least one broadband customer in the ZIP code, 0 if not.  In the bivariate probit estimation, 
the other dependent variable is 1 if there is at least one CLEC in the ZIP code, 0 if not (coefficients from this equation are not reported 
here).  The sample includes all states except AK, HI, DC, and DE (latter two dropped because there is no variation in the dependent 
variable. In third estimation, ID is dropped from the sample as well, due to lack of variation in the CLEC presence variable.  Marginal 
effect is the average marginal effect on the mean in the sample; for dummy variables these are discrete changes.  See text for variable 
definitions.    
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Table 3:   
Net Effects of the Race, Ethnicity, and Language Variables on the Probability of Broadband Availability in a ZIP Code Area 
 
  Percentage of areas in which there is evidence of redlining  
Variables in calculation  raw 
weighted by  
minority population 
weighted and significant 
at the 5% level 
Asian, Asian language, Asian:Asian language, 
and Asian:linguistically isolated 
94.8%  73.8%  54.3% 
Black, black:other language, and 
black:linguistically isolated 
43.6%  2.6%  0.00% 
Hispanic, Spanish language, Hispanic:Spanish, 
and Hispanic:linguistically isolated 
25.7%  58.4%  0.06% 
Native American, Native American:other lan-
guage, and Native American:linguistically 
isolated 
99.9%  99.8%  89.2% 
Other race, other race:other language,  
and other race:linguistically isolated 
97.1%  63.2%  0.00% 
All race, ethnicity, language, and interaction 
variables 
48.9%  51.1%  13.5% 
 
Notes:  “evidence of redlining” in an area means that the combined marginal effect of the variables in the first column on access prob-
ability is negative.  Raw figures are calculated as ? i1{xi¢b<0}/N, where 1{a} is the indicator function taking a value of 1 if a is true 
and zero otherwise, i indexes observations, and the variables included in vector xi are given in the row headings.  Variables of the 
form a:b are interactions.  Sample values are used for xi; coefficient estimates b are taken from the Probit with state fixed effects in 
Table 2.  In the second column, the summand is weighted by the relevant minority population in the ZIP code, where the relevant mi-
nority group is the first variable listed in the row headings.  In the third column, an area is counted (and weighted, as in previous col-
umn) if it has a negative effect large enough to reject the null hypothesis that xi¢b>0 at the 5% level.  
 
23
Figure 1:  A Stylized Depiction of DSL and Cable Modem Internet Access 
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Figure 2:   
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Figure 4:  Broadband Availability by Number of Providers of Any Type as of June 2000. 
 
 





Figure 5:  Partial nonparametric fits of the variables % Asian population and  
% Native American population 
 















































































































Figure contains the partial fits from nonparametric cubic B-splines.  Positive slopes imply posi-
tive marginal effects of the x variable on broadband availability. Ticks at bottom of plots mark 
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